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SI-1. SUPPLEMENTARY INFORMATION 1: fret AND fup ALONG SIMPLE COASTLINES 
Prior work has described the impact of ocean circulation on the population dynamics of 
benthic marine organisms in the framework of alongshore-uniform larval dispersal and 
population density (Byers & Pringle 2006, Pringle et al. 2014). In these models, it was 
assumed that larvae recruited a mean distance Ladv downstream of their parents, with a 
standard deviation of dispersal distance of Ldiff (the use of L for length in those papers is in 
conflict with the use of L for larval fraction above; we keep the notation to make the link to 
our past work clearer). In Byers & Pringle (2006), these dispersal parameters are related to 
the planktonic larval duration and the strength of ocean circulation. Here, we calculate fret and 
fup as functions of Ladv and Ldiff so that fret and fup can be estimated as functions of the 
planktonic larval duration and the strength of ocean circulation, at least for coastlines whose 
circulation is relatively homogenous alongshore.  
 Byers and Pringle (2006) assume a Gaussian dispersal kernel, following Siegel et al. 
(2003), so the number of larvae spawning from an alongshore point x0 reaching a point x will 
scale as 

𝐾 𝑥, 𝑥! = !
Ldiff !!

exp ! !!!!!Ladv !

!Ldiff
2  .   (S1) 

Given this dispersal kernel, and noting that the integral of the kernel over all space is 1, the 
fraction of larvae recruiting to a point x from downstream, where positive x is downstream, is 

𝑓ret = 𝐾 0, 𝑥! 𝑑𝑥!
!
!      (S2) 

and thus (using fret+fup=1), 

𝑓ret =
!
!
1− erf Ladv

!Ldiff
    and    𝑓up =

!
!
1+ erf Ladv

!Ldiff
. (S3) 

These are shown as a function of Ladv/Ldiff in Fig. S2. 
 
SI-2. SUPPLEMENTARY INFORMATION 2: LENGTH SCALE OF RETENTION ALONG SIMPLE 

COASTLINES 
In the derivation of the simple model, the relevant population parameters were treated as 
being a constant at the upstream edge of the species range. In reality, the relevant population 
parameters should be calculated as a spatial average over the region that contributes larvae to 
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the upstream edge. Given the Gaussian kernel described above, we can calculate the size of 
this region as a function of the larval dispersal parameters Ladv and Ldiff, which can be related 
to ocean currents as described in Byers & Pringle (2006) (at least for relatively straight 
coastlines and spatially homogenous coastal oceans).  
 The average distance of larvae recruiting to a point x=0 from that point, Dret, can be 
found from the dispersal kernel above with the integral 

𝐷ret =
!
!ret

𝑥!𝐾 0, 𝑥! 𝑑𝑥!
!
!       (S4) 

It is convenient to present the solution of this equation normalized by Ldiff, so that the 
solution for Dret is a function of a single variable Ladv/Ldiff. The solution is then 
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As discussed in Wares & Pringle (2008), Dret asymptotes to L2
diff/Ladv as Ldiff becomes large; 

this approximation is good for Ladv/Ldiff>2. Both the full and approximate solutions are shown 
in Fig. S2.  
 
SI-3. SUPPLEMENTARY INFORMATION 3: IMPACT OF LARVAL TRANSPORT TO THE 

UPSTREAM EDGE OF SPECIES RANGE FROM FARTHER DOWNSTREAM 
 Even in coastal regimes with substantial mean alongshore currents there can be some 
larval input from farther downstream to the upstream edge (Fig. S1), and thus there can be 
some subsidy of the population of the downstream type at its upstream edge from further 
downstream. This can reduce the critical ΔR or  ΔC for the species boundary to persist. Using 
the model defined in the next section, in Fig. S3 ΔCmin is shown for an fret of 0.7 at one 
location in the domain, with fret=0.3 elsewhere and with a fraction of larvae coming from a 
population immediately downstream of the population with the upstream species boundary 
ranging from 0 (the case derived in paper) to 0.4. As we can see, ΔCmin ranges from 0.43 to 
0.25 as the fraction returned to the upstream boundary from downstream increases. A more 
thorough evaluation of these dynamics will require a spatially explicit population model that 
allows complex networks of connectivity. 
 
SI-4. SUPPLEMENTARY INFORMATION 4: NUMERICAL POPULATION MODEL AND 

INTERACTIVE MODEL FIGURE 
The connectivity matrix E is used to create a population model of the Gulf of Maine/Mid-
Atlantic bight region shown in Fig. 1; the model results are shown in interactive Fig. S4.  The 
model has density dependence and spatially varying relative competitiveness. The 
generations are non-overlapping. For a upstream (northern) population, the larval settlement 
vector along the coast at generation k+1, lN

k+1 is related to the population abundance vector at 
generation k,  pN

k, by 
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lN
k+1 = ERNpN

k      (S6) 
where R specifies the growth; Rii is the fecundity at location i, Rij=0 if i≠j. The production 
and settlement of the southern (downstream) type lS is the same. If the population of both the 
upstream and downstream (southern) type larvae that reach a location is less than the carrying 
capacity on the shore, Pmax, they are all assumed to survive. Where the upstream type is 
favored, its larvae have a (1+ ΔC) greater chance of surviving; where the downstream type is 
favored, its larvae have a similar advantage. If the number of both the upstream and 
downstream larvae at a location i exceeds the carrying capacity of that location, density 
dependence is used to limit the population to a uniform value in each cell to Pmax, and the 
relative fraction of the upstream and downstream types in that cell is determined by their ratio 
in the larvae settling arriving at that cell, modified by their relative competitiveness: 

p!" =
l!" !!"#

l!"! !!∆! l!"
  and  p!" =

!!∆! l!" !max
l!"! !!∆! l!"

 where N type favored  (S7a) 

p!" =
!!∆! l!" P!"#
!!∆! l!"!l!"

   and   p!" =
l!" !max

!!∆! l!"!l!"
 where S type favored  (S7b) 

The growth rate R is chosen to be large enough that the population is everywhere Pmax. 
Choosing a growth-rate large enough that the population is everywhere saturated makes the 
results insensitive to the exact growth rate chosen.  This model is run to steady state in all 
results presented here; the time to achieve steady state is rapid, several tens of generations, 
depending on the exact parameter choice.  
 The upstream boundary condition for the model assumes that only the upstream type 
exists upstream of the model domain, and the larval input from upstream is assumed to be the 
average input over the rest of the model domain. The model is not sensitive to the exact larval 
input into the upstream edge, as long as it is not much less than the larval fluxes elsewhere. 
 The results of the model are shown in interactive Fig. S4 for a variety of different 
larval durations and relative competitiveness values.  
 
SI-5. SUPPLEMENTARY INFORMATION 5: INTERACTION OF LONG AND SHORT DISPERSING 

ORGANISMS: To understand the apparent excess of range boundaries in short distance 
dispersing species where we would only expect an excess in range boundaries of long 
distance dispersing species, it is useful to examine their interaction. Let us examine the edge 
of the range of a short-distance disperser, and assumes its larvae are competitively equivalent 
to those of a long-distance disperser which is present further upstream. The two species differ 
only by their dispersal and fecundity, Rshort and Rlong (R is the number of offspring surviving 
to reproductive competency per adult). Long distance dispersing larvae capable of filling a 
fraction Fin of the habitat arrive from upstream each generation; the long-distance dispersing 
larvae produced at the upstream edge disperse as in the models above: only a fraction fret are 
retained. In this model, the number of long-distance dispersers settling at the upstream edge is 
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Fin+RlongfretPlong, where Plong is the fraction of the habitat occupied by the long-distance 
dispersers. We assume that all of the short-distance dispersers are retained in habitat, so the 
number of short-distance dispersers settling in the habitat is RshortPshort, where Pshort is the 
fractional population of short-distance dispersers. Solving this model as above, it is found 
that Rshort must exceed Rlongfret+Fin for the short-distance dispersers to persist. Thus an 
alongshore inhomogeneity in the flow can either make it harder for a short-dispersing species 
to persist (i.e. increases the minimum Rshort) if it increases fret, allowing the retention of 
locally produced larvae. Or it can make it easier for short-dispersing species to persist if the 
oceanographic feature reduces the input of larvae from upstream Fin. Which effect will 
dominate will depend on the local oceanographic and habitat conditions which set Fin and fret, 
which in turn may be modulated by species-specific larval behaviors that affect dispersal. 
These interactions between species with different dispersal styles clearly merit further 
analysis. 
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Supplementary Figure S1: The dispersal of drifters used in the analysis from 8 of the 
regions in the study; only the 21 days of drifter tracks after entering the polygon are shown. 
The colors are log10 of the fraction of drifters that went within 10km of each location in the 
ocean; the black stars are where the drifters ended after 21 days; and the black lines indicate 
the starting regions.  
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Supplementary Figure S2: A) fret and fup calculated for an idealized coastal ocean with 
uniform alongshore populations and dispersal. Dispersal is characterized by Ladv and Ldiff as 
defined in Byers & Pringle (2006). The plot is shown as a function of Ladv/Ldiff; this ratio 
completely defines fret and fup. B) Dret, the average distance downstream of the parents of 
larvae recruiting to the upstream boundary for the same idealized coastal ocean. Both the full 
solution and a solution that is asymptotically valid for Ladv/Ldiff>2 are shown. Dret is 
normalized by Ldiff in order to collapse the values of Dret to a single curve for all possible 
values of Ladv and Ldiff. 
 

 

Supplementary Figure S3: Change in the critical value of relative competitiveness ΔCmin 
needed to allow an upstream boundary to persist as a function of fraction of larvae returning 
to the location of the upstream edge of downstream species from the next population 
downstream; this fraction is called ε. fret=0.3 everywhere except at the location of upstream 
boundary, where it is 0.7. The derivation of ΔCmin leading to Eq. (3) is for the case ε=0.   
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The image below is a single frame from the interactive Figure S4; Please download the 
HTML file at http://www.int-res.com/articles/suppl/m567p029_supp.html to access the 
interactivity.  

 
Supplementary Figure S4: An interactive map of relative proportion of the species favored 
to the south (blue) and to the north (red). The larval duration, the relative competitiveness 
between the two species, and the location where the competitiveness between the northern 
and southern types changes can be adjusted. The location of the competitiveness change is 
marked by a red region boundary and a white star in the pie. The larval duration and change 
in competitiveness are given in the title. Details on the model are given in Section SI-4. 
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